Several features of the salt marshes of New England are most readily explained on the assumption that sea level has risen during their development." 2 In particular, salt marsh peat occurs at depths many feet below the levels at which it is presently being formed, a fact which is cited among the evidence for subsidence of the coast.3-5 The measurements to be reported of the radiocarbon age of peat recovered from various depths in salt marshes on Cape Cod, at Barnstable, Massachusetts, were made to determine the rate of vertical accretion of the high marsh peat and thus provide a chronology of the development of these marshes. The results are interpreted to indicate the change of the relative elevation of the sea and land which has occurred in the Cape Cod region during the past 3,700 years.
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The accumulation of peat in the salt marshes of New England is initiated by the colonization of previously barren areas of the intertidal zone by Spartina alterniflora.
The entrapment of sediment by the grass permits the peat to thicken until the surface is raised to approximately the level of mean high water. Near this level the marsh surface becomes flat, is populated by a more varied assemblage of plants including a dwarf variety of S. alterniflora, S. patens, Distichlis spicata and others, and is referred to as high marsh.5' 6 The vertical accretion of salt marsh peat may thus be separated into an intertidal stage in which the rate of accretion is governed largely by the supply of sediment and a high marsh stage controlled by the rate of rise in sea level.
In the marsh at West Barnstable, Massachusetts, Spartirua alterniflora grows in the intertidal zone from the high marsh level down to a little below mean sea level, a vertical range of approximately six feet. We have reason to believe that intertidal peat of this thickness may develop comparatively rapidly-in a matter of two or three hundred years. The subsequent accretion of peat at the high marsh level is much slower and falls within a time scale to which radiocarbon dating is appropriate. Because the high marsh peat is naturally formed in a limited tidal range, the age of samples collected at depth may be expected to provide an indication of the rate of rise in sea level with less uncertainty than is frequently the case with other submerged organic materials.
Material and Methods.-In collecting samples for radiocarbon analysis, it is desirable to avoid errors due to contamination, to the possible settling and compaction of the peat, and to other changes in the elevation of the layer sampled which might have occurred since its deposition. It is also necessary to avoid taking samples which may have formed in the intertidal zone.
Samples were taken at five sites within the Town of Barnstable. At sites 1 and 2 a small piston corer, which was closed duiing descent, was employed. Contamination was avoided by rejecting the lower portion of the core. At the other sites, samples were taken with a corer made from a 2" I. D. pipe which secured cores 2 feet in length. At site 3, the peat was unusually soft and contamination with material from higher levels was indicated in the core of one sample (W-678). Later collections at this site were made with an arrangement which cased the hole as the corer descended. At sites 4 and 5, the corer was fitted with a piston arrangement, similar to that de-scribed by Ellis,7 which closed the tube until it was in position to core. Material which had fallen from the walls of the hole was present in the upper end of the cores but could be recognized by its disturbed structure. To avoid contamination, samples were cut from the middle of each core, discarding at least one inch of the lower and six inches of the upper end. The samples were usually 0.5 feet in length. Their depth is recorded as that of the midpoint.
Before collecting samples for analysis, it was found desirable to survey the area carefully by probing and coring to determine that the peat was uniform in character throughout its depth, and thus probably free from disturbance since its origin, and that fresh water peat or depressions in which fresh water peat might have formed on the upland before its submergence were absent. Positions close to creek banks were avoided because of the greater probability that erosion and subsequent deposition had occurred there.
To minimize errors due to settling and compaction and to avoid sampling from the intertidal zone, areas were selected where the marsh appeared to have spread over the upland as it grew upward. By taking cores along the slope of the substratum and from immediately above it, samples of varied depth were secured from horizons at which the effects of settling were minimized. Such samples did not differ in water content with depth or from those taken at intermediate levels, as would be expected had compaction occurred. This procedure also gave assurance that the samples did not consist of intertidal peat, except for those from the deepest horizons. The presence of fresh water deposits of clay containing fragments of wood below the deepest samples analyzed indicated that actually none of the samples had been formed at intertidal levels.
Although these precautions were not observed during the earlier collections, the consistency of the data secured from five different sites indicates that errors due to the factors considered are small. A detailed description of the sites follows. above MHW. Samples W-675, W-676, W-677, and W-678 were from a single boring through a deposit of peat to depth of 27.5 feet overlying a substratum of pale clay containing fragments of wood, which indicates that a pool occupied the depression prior to the deposit of peat. Peat below 10 feet was very soft and difficult to core. Samples W-970, 971, and 973 were taken at positions along the slope of the substratum and from immediately above it using a corer which cased the hole to avoid contamination.
Site 4-West Barnstable Great Marsh near Navigation Road. Salt marsh 800 feet east of Navigation Road, which leads to the West Barnstable Landing on Spring Creek (42042'55f N Lat, 70021'56' W Long). Surface cover is S. patens along margins of mosquito ditches with dwarf S. alterniflora between. Estimated elevation of surface 0-0.75 feet above MHW. The peat covers a submerged ridge which slopes down from the upland toward the bordering creek beds. The substratum is clay similar to that forming the subsoil of the upland. The peat is firm and fibrous, containing rhizomes of S. alterniflora, and is uniform in appearance except for becoming darker and somewhat softer with depth. At the deepest point cored, a layer of soft clay having alternate bands of dark and light.color was present below the peat, at depths between 21.5 and 25 feet. Fragments of wood identified as flex sp. and Quercus sp. were embedded in this clay. This suggests a deposit in standing fresh water and indicates that the overlying peat had not been formed under intertidal conditions. The samples were taken with piston corer and are considered the most reliable of the series. Surface cover of S. patens is underlain by 3.7 feet of Spartina peat. Below this depth, peat is darker, the fibers are coarser and include roots of Typha. Probably a vegetation of Typha, Carex, Scirpus, etc. such as now occupies the margin of the marsh in this region was present during most of the peat's formation. Wood of Acer riibrurn was present immediately below the sample (W-1099) and above the substratum of sand. Estimated elevation of marsh surface 0-0.8 feet above MHW. This site is at the junction of the upland and the sand spit (Sandy Neck) which shelters the greater part of the Barnstable marsh from Cape Cod Bay. It is the deepest part of the marsh lying in the shelter of the sand spit and hence probably the oldest. The age of sample W-1099 indicates that the sand spit was formed at least 3,000 years ago.
Results.-Vertical accretion: The data secured are listed in Table 1 and illustrated in Figure 1 respectively samples of fresh water peat and wood which may be suspected of originating above mean sea level. One sample (W 678) is out of line with others secured with better technique from like depth and is suspected of contamination. t The fourth sample (W-676) is out of line with other data to be presented in Figure 2 and requires confirmation.
Relative sea level: Recent changes in elevation of sea level relative to the land may be inferred from the vertical accretion of high marsh peat if it is assumed that the formation of peat has occurred at the level of mean high water and that the mean range of tide has been the same during the period in question.
Extensive study of the marsh at West Barnstable leads us to believe that the elevation of the high marsh in the positions cored is within 1 foot above mean high water. Since the living turf is about 1 foot in thickness, the peat may be considered to originate very close to the mean high water level. Since tide gages installed at the head of Spring Creek, near Site 4, and in the open water of Barnstable harbor show that the elevation of mean high water, relative to mean sea level, does not differ at these places from that at Boston by more than 0.4 foot, it seems unlikely that topographical changes during the development of the marsh have altered the tidal relations within it significantly. It is concluded that vertical accretion of the peat in time, as shown in Figure 1 , provides an indication of the changing relative sea level which is reliable to the nearest foot. The data are consistent in indicating a continuous rise of relative sea level since at least 3,700 B.P. and that the average rate of rise changed abruptly at about 2,100 B.P. The data are not sufficiently precise to preclude the occurrence of changes in the rates during short periods, either before or after this date. Thus, a rate of rise in sea level of 11 X 10-3 feet per year, such as shown by tide gage records along the east coast of the United States during a recent forty-year period,9 would not be detected by radiocarbon analyses of peat unless it had continued for several hundred years. We are aware of no evidence from Cape Cod that the elevation of the sea has been higher at any time since the Wisconsin than at present. Nor have we found any indication from the character of the salt marsh peat that the surface of the marshes has been elevated above the reach of the sea at any time during the period of their development.
Geographical comparisons: To examine the relation of the information from the Barnstable marshes to data from neighboring parts of the coast, the radiocarbon ages of submerged wood and peat collected between New York and Nova Scotia are assembled in Tables 2 and 3 . To enable the samples to be compared with one another and with the peats from Barnstable, the depths at which the samples were found are expressed relative to present mean high water. Since high marsh peat develops close to mean high water and fresh-water peat and tree stumps originate above but presumably near to this level, the mean high water level is the most appropriate definite sea-level datum to use for comparative purposes. This correction is desirable because of the differences in the range of tide at different places. In Figure 2 , the data from the coast between Boston and New York and that from Barnstable are plotted for comparison. The two sets of data agree satisfactorily during the period of to give an approximation to the eustatic rise in sea level, indicate a rather rapid eustatic rise prior to 6,000 B.P., when sea level appears to have been some 20 feet below its present elevation. On Cape Cod, this level was reached by the sea only 3,400 years ago. This indicates that in southern New England the sea level has been rising more rapidly than in relatively stable regions and that a large part of the relative rise is attributable to local subsidence. This conclusion is concordant with that of Newman and Fairbridge," who consider that crustal movement has been continuous in southern New England for the past 7,000 years.
The authorities cited above vary in placing the termination of the eustatic rise between 6,000 and 2,000 years ago. During this period, the variability of the data is so great relative to the indicated change in level that no trustworthy comparisons can be made. Thus, Shepard states that while most of the data for the relatively stable regions indicate a level 6 feet below the present as recently as 3,500 to 2,000 years ago, this small amount could be attributed to inaccuracies and that sea level might equally well have been constant since those times. It would be interesting to know what event was responsible for the abrupt change in the rate of rise in sea level about 2,100 B.P. which is indicated by the data from Cape Cod and other points in southern New England. One might speculate that it marked the termination of the eustatic change and that the subsequent rise was due solely to subsidence. Such speculation however is futile until more precise data for the more recent periods are available from other regions.
